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EVALUATION 


The  objective  of  this  study  was  to  electrically  characterize  micro- 
processors and  various  support  devices  over  the  defined  temperature  range 
of  -55°C  to  +125°C.  This  includes  assurance  that  the  devices  studied  are 
technically  accurate  and  function  as  designed. 

To  satisfy  the  above  objective,  the  devices  selected  were  tested  under 
worst  case  loading,  critical  timing  and  worst  case  instruction  sequences  or 
test  patterns.  The  prime  microprocessor  studied  in  this  effort  was  the 
1802  CMOS  8-bit  fixed  instruction  device.  This  electrical  characterization 
was  undertaken  to  assure  that  the  vector  sets,  used  by  RCA  and  NASA  in 
preparing  the  initial  military  specification,  gave  a high  testing  confidence 
level  and  satisfied  the  test  philosophy  incorporated  into  other  military 
(JAN)  microprocessor  specifications.  This  report  contains  detail  of  this 
comparison  and  general  conclusions. 

The  support  devices  studied  in  this  effort  were  the  8228/8238  system 
controllers,  the  8224  clock  generator  and  the  6821  peripheral  interface 
adapter.  These  devices  are  used  in  systems  with  the  JAN  qualified  8080A 
and  6800  microprocessors.  Draft  JAN  specifications  were  prepared  as  result 
of  this  work. 

RADC,  as  Preparing  Activity  of  MIL-M- 38510,  General  Specification  for 
Microcircuits,  is  responsible  for  managing  the  development  and  preparation 
of  detail  slash  sheets  for  this  specification.  This  study  and  future 
studies  will  be  expanded  in  the  microprocessor  area  and  accelerated  to 
provide  DoD  system  builders  with  state-of-the-art  devices  specified  to 
meet  military  environmental  requirements. 

(jfa-QaO,  

REGIS  C.  HILOW 
Project  Engineer 
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SECTION  I 


SUK.  ARY 


This  report  details  a gate-level  functional  analysis  per- 
formed on  a microprocessor  and  microprocessor  support  devices. 
These  results  were  used  in  the  generation  of  MIL-M-3851O  slash 
sheets  (not  Included  here).  The  characterized  devices  are 
listed  below. 

The  microprocessor  test  philosophy  used  for  this  effort  was 
established  on  previous  contracts  with  RADC  and  was  further 
developed  and  reported  on  in  RADC  report  RADC-TR-78-I38  June 
1978  as  a "Procedure  For  LSI  Functional  Test  Development". 

During  this  reporting  period  a similar  characterization 
effort  was  in  progress  on  one  of  the  same  devices  being  char- 
acterized on  this  program  (1802  CMOS  microprocessor).  Included 
in  this  report  is  a comparison  of  the  resulting  test  patterns 
of  both  programs  and  a comparison  of  the  test  philosophies . 

Appendices  to  the  report  include  pertinent  test  programs 
and  test  patterns  also  developed  on  this  contract. 

Characterized  Devices 


1802  CMOS  8-blt  Microprocessor 

8228/8238  System  Controller  and  Bus  Driver 

8224  Clock  Generator  and  Driver 

6821  Peripheral  Interface  Adapter  (Partial) 
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SECTION  II 


INTRODUCTION 


Objective  and  Background 

The  characterization  reported  on  herein  is  a continuation  of 
similar  effort  transacted  on  this  contract  for  RADC  (F-30602-77- 
C-0012)  and  reported  on  in  RADC  report  RADC-TR-78-138 . 

The  objective  of  this  program  was  to  generate  MIL-M-385IO 
slash  sheets  for  selected  microprocessors  and  support  devices. 

New  devices  were  selected  for  characterization  primarily  on  the 
basis  of  military  need.  Also,  where  there  was  a similar  need, 
established  slash  sheet  processor  families  were  augmented  with 
additional  support  devices.  Unguided  proliferation  of  micro- 
processors is  undesirable  because  of  the  extensive  software 
support  requirements  and  the  need  to  additionally  characterize 
companion  support  devices . These  support  devices  can  be  more 
complex  than  the  processor  itself. 

The  functional  test  development  philosophy  that  was  used 
consisted  primarily  of  partitioning  large  functions  into  basic 
functional  blocks  such  as  registers  and  multiplexers  and  then 
developing  tests  using  proven  test  techniques  (the  detailed  test 
development  philosophy  is  documented  in  the  RADC  report  previous- 
ly mentioned  in  this  section).  Close  coordination  with  manu- 
facturers was  maintained  in  order  to  facilitate  test  development 
and  to  ultimately  provide  a more  practical  test.  All  of  the  test 
development  was  based  upon  actual  logic  and  detailed  functional 
block  diagrams  supplied  by  manufacturers.  This  results  in  a 
very  efficient  and  comprehensive  test.  In  some  cases  manufactur- 
er supplied  tests  were  analyzed,  augmented  where  necessary,  and 
made  -comply  with  the  established  test  philosophy.  The  slash 
sheets  were  developed  to  provide  tests  that  are  independent  of 
automatic  tester  types  and  are  consistent  with  established 
military  standards. 
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SECTION  III 
TEST  DEVELOPMENT 

FOR  THE  1802  CMOS  MICROPROCESSOR 


Introduction 

The  purpose  of  this  section  is  to  describe  the  functional 
tests  developed  for  use  in  the  MIL-M-38510  slash  sheet  for  the 
CDP  1802  microprocessor  (1470).  The  approach  used  in  developing 
these  tests  consisted  of  separating  the  microprocessor  into 
functional  blocks  and  ensuring  that  the  gate  level  circuitry  in 
each  block  was  verified.  The  "Procedure  for  LSI  Functional  Test 
Development"  developed  for  RADC  on  this  contract  and  documented 
in  Report  RADC-TR-78-138,  June  1978  was  used  as  a guideline. 
Functional  test  patterns  received  from  Vendor  E,  the  original 
source  for  the  1802,  were  used  as  the  basis  of  the  analysis. 
Vectors  were  inserted  and  revised,  and  sections  of  patterns 
completely  replaced  in  the  development  of  the  tests  described 
in  the  following  report. 

Summary 


Tests  developed  by  Vendor  E were  used  so  that,  in  addition 
to  reducing  test  generation  time,  any  known  processor  sensitivity 
checks  put  in  by  Vendor  E and  not  readily  apparent  to  users  would 
be  checked.  The  tests  received  from  Vendor  E consisted  of  5000 
vectors  for  verifying  the  scratch  pad  memory  and  2500  vectors  for 
verifying  the  remaining  logic  functions . Originally,  it  had  been 
planned  to  spot  check  the  vectors  and  review  Vendor  E's  test 
philosophy  to  determine  if  they  were  performing  the  types  of  tests 
required  to  verify  each  functional  block. 

Investigation  into  Vendor  E's  vectors  revealed  that  all 
functional  blocks  were  not  tested  as  thoroughly  as  initially 
anticipated.  After  further  investigation,  Vendor  E was  con- 
tacted to  discuss  problem  areas.  Personnel  who  developed  these 
tests  were  no  longer  at  Vendor  E so  the  test  strategy  used  in 
developing  the  tests  was  not  clearly  known.  A thorough  investi- 
gation of  Vendor  E's  vectors  was  subsequently  performed.  It 
showed  that  the  test  patterns  did  not  completely  verify  the  func- 
tional blocks  of  the  microprocessor.  Tests  for  the  scratch  pad 
memory  were  rewritten  and  other  tests  were  inserted  into  or 
appended  to  the  control  logic  tests. 

At  the  time  of  this  analysis  there  were  only  two  second 
sources  for  the  1802  microprocessor.  Both  second  sources  had 
full  mask  agreements  which  meant  that  Vendor  E's  gate  level 
implementation  would  be  used  in  manufacturing  this  device. 
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Tests  developed  by  Vendor  E for  the  CDP  1802  microprocessor 
were  investigated . It  was  found  that  portions  of  the  micro- 
processor were  not  completely  verified  by  these  tests . Additional 
vectors  were  generated  to  complete  the  verification  of  functional 
blocks  with  proven  test  patterns. 

The  1802  microprocessor  was  divided  into  functional  blocks, 
and  each  block  was  analyzed.  The  microprocessor  was  initially 
separated  into  the  functional  blocks  defined  in  the  block  dia- 
gram from  Vendor  E's  specification  shown  in  Figure  3-1.  The 
control  logic  block  was  further  partitioned  into  specific  func- 
tions. The  main  divisions  of  the  control  logic  consisted  of: 
Timing  Circuitry,  I Decoders,  N Decoder,  Conditional  Short /Long 
Branch/Skip  Logic,  Register  Control  Logic,  and  I/O  Interrupt 
Servicing  Logic. 


Figure  3-1 . CDP1802  block  diagram 


1802  Scratch  Pad  Memory  Test  (Test  Sequence  SP) 

The  scratch  pad  memory  (SPM)  In  the  CDP  1602  microprocessor 
consists  of  a 16  x 16  bit  register  array.  Each  of  the  16  bit 
registers  is  selected  by  a 4 to  16  bit  decoder.  Once  selected 
all  16  memory  bits  of  the  register  are  enabled  for  either  the  ‘ 
read  or  write  operation. 

Register  array  verification  is  accomplished  by  ensuring 
register  independence,  bit  independence,  and  integrity  of  unique 
registers . Register  independence  is  verified  by  writing  into 
one  of  the  registers  and  checking  that  the  others  are  not  affect- 
ed . Bit  independence  is  shown  by  having  each  bit  in  a zero  and 
one  state  while  other  bits  are  in  the  complemented  state,  not  nec- 
essarily all  at  once,  sometime  in  the  testing  sequence. 

Each  scratch  pad  memory  cell  (bit)  in  the  1802  contains  two 
cross-coupled  inverters  which  form  a flip-flop  storage  element 
as  shown  in  Figure  3-2.  Single  transistor  transmission  gates 
are  employed  to  perform  the  sensing  and  storing  operations  in 
the  storage-cell  selection. 

Tests  which  verify  the  operation  of  the  scratch,  pad  memory 
cell  must  ensure  that  both  the  cross-coupled  inverters  and  the 
transmission  gates  are  functioning  correctly.  The  cross-coupled 
inverter  operation  is  ensured  by  writing  a logic  "1"  over  a logic 
"0"  and  writing  a logic  "0"  over  a logic  "1"  (integrity). 


VDD 


Figure  3-2.  Scratch  pad  memory  cell 
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Test  requirements  for  transmission  gates  must  ensure  that 
the  gate  will: 

1.  Transmit  a logic  "1" 

2.  Transmit  a logic  "0" 

3.  Present  a high  impedance  for  a 0,  1 and  1,  0 condition. 

Based  upon  this  philosophy,  the  tests  required  to  ensure 
that  each  cell  in  the  scratch  pad  memory  is  functioning  correct- 
ly are  as  follows: 

1.  Write  a logic  "1"  over  a logic  "0". 

2.  Write  a logic  "0"  over  a logic  "1". 

3.  Read  a logic  "1"  out  of  the  memory  cell  when  a logic 
"0"  previously  existed  on  this  Bus  line. 

4.  Read  a logic  "0"  out  of  the  memory  cell  when  a logic 
"1"  previously  existed  on  this  Bus  line. 

The  first  two  tests  ensure  that  the  memory  cell  will  trans- 
mit and  latch  logic  levels  "1"  and  "0".  Tests  three  and  four 
verify  the  bidirectional  high  impedance  operation  of  the  memory 
cell . 

Evaluation  of  Vendor  E's  Tests  for  Scratch  Pad  Memory 

The  tests  developed  by  Vendor  E to  test  the  16  x 16  bit 
register  array  in  the  1802  microprocessor  performed  some  of  the 
above  memory  cell  test  requirements.  The  following  section  gives 
a brief  description  of  these  tests.  The  sequence  of  steps  for 
testing  the  registers  was  as  follows : 

1.  Write  "1"  s into  lower  order  bits  of  even  registers. 

2.  Write  "1  "s  into  upper  order  bits  of  odd  registers. 

3.  Read  (verify)  "1  " s in  upper  order  bits  of  odd 
registers,  and  write  "0  "s  into  lower  order  bits 
of  odd  registers . 

4.  Read  "1  " s in  lower  order  bits  of  even  registers, 
and  write  "0  "s  into  upper  order  bits  of  even 
register. 

5.  Read  (OOFF)*  and  write  ”0  "s  over  "1"  s in  lower 
order  bits  of  even  registers . 

NOTE:  In  defining  a 16  bit  pattern,  four  (4)  hexadecimal 
characters  are  used . 
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6.  Read  (PPOO)  and  write  "0''s  over  "l"s  in  upper  order 
bits  of  odd  registers. 

7.  Read  (0000)  and  write  "l"s  over  "0"s  in  lower  order 
bits  of  odd  registers. 

8.  Read  (0000)  and  write  "l"s  over  "0"s  in  upper  order 
bits  of  even  registers. 

9.  Read  (OOPP),  increment  by  1,  read  (0100 ),  write 
(3A52),  read  (3A52),  and  increment  by  1 contents  in 
register  1. 

10.  Read  (FFOO),  increment  by  1,  read  (FF01),  write 
(4A53J,  read  (4A53),  and  increment  by  1 contents  in 
register  2. 

11.  Read  (OOFF),  increment  by  1,  read  (0100),  write 
(5A54),  read  (5A54),  and  increment  by  1 contents 
in  register  3. 

12.  Read  (FFOO),  increment  by  1,  read  (FF01 ) , write 
(6A55)>  read  (6A55)>  and  increment  by  1 contents  in 
register  4. 

13.  The  previous  four  steps  are  performed  on  the  remaining 
5 through  15  registers  except  a different  pattern  is 
written  into  each  register. 

14.  Patterns  remaining  in  registers  after  steps  9-13  are 
read  from  registers  1 through  15. 

The  sequence  of  operations  performed  by  these  tests  on  the 
scratch  pad  memory  is  summarized  in  Table  3-1.  This  table 
illustrates  what  test  requirements  were  fulfilled. 

Vendor  E's  tests  did  ensure  that  a 1 can  be  written  over  a 0 
in  the  upper  order  bits  of  the  even  registers  and  the  lower  order 
bits  of  the  odd  registers . They  also  verified  that  a 0 can  be 
written  over  a 1 in  all  the  bit  positions  of  the  odd  registers  and 
the  lower  order  bits  of  the  even  registers . 

Writing  a 1 over  a 0 in  all  the  lower  order  bits  of  the  even 
registers  and  all  the  upper  order  bits  of  the  odd  registers,  and 
writing  a 0 over  a 1 in  all  the  upper  order  bits  of  the  even 
registers  was  not  verified . 


Memory  Cell 
Operation 

Even 

Registers 

Odd 

Registers 

Capability 

Verified 

Write 

PF 

Write 

FF 

Read 

FF 

Write 

00 

Read 

4 

FF 

Write 

00  FF 

Write 

00 

Write 

0 

over  1 in 

E.O 

Read 

FF 

00 

Write 

00 

Write 

0 

over  1 in 

0.1 

Read 

00 

00 

Write 

FF 

Write 

1 

over  0 in 

0.0 

Read 

00  00 

Write 

FF 

Write 

1 

over  0 in 

E.l 

Read 

FF  00 

00 

FF 

Write  & Read 

FF  01 

01 

00 

Write 

0 

over  1 in 

0.0 

Write  & Read 

Unique 

Patterns 

Write 

Previous  Pattern  +1 

• 

Read 

Patterns  in  all  registers  after 
completing  above  sequence 

Table  3-1.  Sequence  of  operations  executed  on  scratch  pad 
memory  by  Vendor  E's  tests. 


Transmission  gate  bidirectional  high  impedance  capability  is 
ensured  if  prior  to  reading  the  data  from  a register  under  test 
its  complemented  data  is  read  from  or  written  into  another 
register.  Vendor  E's  patterns  did  not  completely  verify  this 
capability  in  the  scratch  pad  memory . A sample  of  registers 
investigated  in  detail  showed  that  only  one-fourth  of  the  trans- 
mission gate  high  impedance  states  were  tested  with  Vendor  E's 
patterns. 

| ' SPM  Test  Development 

The  SPM  tests  received  from  Vendor  E did  not  verify  the 
operation  of  the  SPM.  No  one  requirement  was  completely  checked 
with  these  tests.  Since  efforts  to  augment  these  patterns  were 
very  inefficient,  a new  set  of  tests  were  developed  which  veri- 
fied the  SPM.  A cross  reference  of  vector  numbers  to  mnemonic 
instructions  for  the  newly  developed  SPM  test  is  listed  in  Table 
3-2  (Sequence  SP) . Tektronix  programs  utilized  in  generating 
the  test  vectors  are  described  in  Appendix  D. 

Bit  Independence  and  Integrity  (Vectors  1-7^24) 

Bit  independence  in  registers  was  verified  by  reading  a 1 
and  a 0 in  each  bit  position  while  the  other  bits  contained  the 
complemented  state.  The  patterns  developed  consisted  of  writing 
l's  in  the  upper  ordered  8 bits  and  0's  in  the  lower  ordered  8 
bits.  This  pattern  and  its  complemented  pattern  show  that  the 
upper  8 bits  and  lower  8 bits  are  independent  of  each  other.  The 
next  pattern  consisted  of  alternating  four  l's  and  four  0's  in  the 
registers.  The  succeeding  pattern  was  its  complement.  After 
writing  and  reading  these  four  patterns,  isolation  is  verified 
between  the  first  4 bits  and  the  remaining  12  bits,  the  second  4 
bits  and  the  12  other  bits,  the  third  four  bits  and  the  12  other 
bits,  and  the  last  4 bits  and  the  first  12  bits.  This  method 
was  continued  until  alternating  l's  and  0's  were  used  and  isola- 
tion between  every  bit  was  verified.  Isolation,  but  not  worst 
case  leakage,  between  cells  was  checked  with  these  patterns. 

These  patterns  for  verifying  isolation  were  resequenced  to 
ensure  the  capability  of  writing  a 1 over  a 0 and  a 0 over 
a 1 in  each  bit  (bit  integrity).  The  resequenced  patterns  also 
verify  the  capability  of  writing  a 1 over  a 1 and  a 0 over  a 0. 
Vendor  E's  implementation  of  the  SPM  does  not  require  this 
particular  test  (writing  a 1 over  a 1 and  a 0 over  a 0)  since 
there  are  no  feedback  path  connections.  The  resequenced  patterns 
necessary  to  verify  the  above  conditions  are  shown  in  Table  3-3. 


III-7 


OP  Codes 


Test  No. 


Mnemonic 


Hexadecimal 


Data 


1 

33 

81 

129 

177 

225 

273 

321 

369 

417 

465 

497 

545 

593 

641 

689 

737 

785 

833 

881 

929 

961 

1009 

1057 

1105 

1153 

1201 

1249 

1297 

1345 

1393 

1425 

1473 

1521 

1569 

1617 

1665 

1713 

1761 

1809 

1857 

1889 

1937 

1985 

2033 

2081 


RESET  & INITIALIZATION 
LBR 


LBR 
SEP  1 
LBR 


LBR 
SEP  2 
LBR 


LBR 
SEP  3 
LBR 


CO 

FP 

00 

CO 

FO 

FO 

CO 

00 

FF 

CO 

OF 

OF 

CO 

cc 

CC 

CO 

AA 

AA 

CO 

33 

33 

CO 

55 

55 

CO 

FF 

FE 

D1 

CO 

FF 

00 

CO 

FO 

FO 

CO 

00 

FF 

CO 

OF 

OF 

CO 

CC 

CC 

CO 

AA 

AA 

CO 

33 

33 

CO 

55 

55 

CO 

FF 

FE 

D2 

CO 

FF 

00 

CO 

FO 

FO 

CO 

00 

FF 

CO 

OF 

OF 

CO 

CC 

CC 

CO 

AA 

AA 

CO 

33 

33 

CO 

55 

55 

CO 

FF 

FE 

D3 

CO 

FF 

00 

CO 

FO 

FO 

CO 

00 

FF 

CO 

OF 

OF 

CO 

CC 

CC 

CO 

AA 

AA 

CO 

33 

33 

CO 

55 

55 

CO 

FF 

FE 

D4 

CO 

FF 

00 

CO 

FO 

FO 

CO 

00 

FF 

CO 

OF 

OF 

CO 

CC 

CC 

Table  3-2.  Sequence  SP  - SPM  test  to  OP  code  cross  reference 
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I 


2129 

2177 

2225 

2273 

2321 

2353 

2401 

2449 

2497 

2545 

2593 

2641 

2689 

2737 

2785 

2817 

2865 

2913 

2961 

3009 

3057 

3105 

3153 

3201 

3249 

3281 

3329 

3377 

3425 

3473 

3521 

3569 

3617 

3665 

3713 

3745 

3793 

3841 

3889 

3937 

3985 

4033 

4081 

4129 

4177 

4209 

4257 

4305 

4353 

4401 

4449 

4497 


LBR 

CO 

AA 

AA 

t 

L 

CO 

33 

33 

f 

CO 

55 

55 

LBR 

CO 

pp 

PE 

SEP  5 

D5 

l: 

BR 

CO 

pp 

00 

CO 

PO 

PO 

CO 

00 

pp 

CO 

OP 

OP 

CO 

cc 

CC 

CO 

AA 

AA 

f 

CO 

33 

33 

} 

CO 

55 

55 

LBR 

CO 

pp 

PE 

SEP  6 

D6 

LI 

BR 

CO 

pp 

00 

CO 

FO 

PO 

CO 

00 

PP 

CO 

OP 

OP 

CO 

cc 

CC 

CO 

AA 

AA 

1 

CO 

33 

33 

\ 

CO 

55 

55 

LBR 

CO 

FF 

FE 

SEP  7 

D7 

LBR 

CO 

pp 

00 

CO 

FO 

PO 

CO 

00 

PP 

CO 

OP 

OP 

CO 

CC 

CC 

CO 

AA 

AA 

CO 

33 

33 

CO 

55 

55 

LBR 

CO 

pp 

FE 

SEP  8 

d8 

LBR 

CO 

PP 

00 

CO 

PO 

FO 

CO 

00 

PP 

CO 

OP 

OP 

CO 

CC 

CC 

CO 

AA 

AA 

fl 

| 

CO 

33 

33 

1 

r 

CO 

55 

55 

LBR 

CO 

FP 

PE 

SEP  9 

D9 

LBR 

CO 

pp 

00 

CO 

PO 

PO 

CO 

00 

PP 

CO 

OP 

OP 

CO 

CC 

CC 

1 

f 

CO 

AA 

AA 

LBR 

CO 

33 

33 
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4545 

4593 

4641 

4673 

4721 

4769 

4817 

4865 

4913 

4961 

5009 

5057 

5105 

5137 

5185 

5233 

5281 

5329 

5377 

5425 

5473 

5521 

5569 

5601 

5649 

5697 

5745 

5793 

5841 

5889 

5937 

5985 

6033 

6065 

6113 

6161 

6209 

6257 

6305 

6353 

6401 

6449 

6497 

6529 

6577 

6625 

6673 

6721 

6769 

6817 

6865 

6913 


LBR 
LBR 
SEP  A 
LBR 


LBR 
SEP  B 
LBR 


LBR 
SEP  C 
LBR 


LBR 
SEP  D 
LBR 


LBR 
SEP  E 
LBR 
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CO 

55 

55 

CO 

FP 

FE 

DA 

CO 

FF 

00 

CO 

FO 

FO 

CO 

00 

FF 

CO 

OF 

OF 

CO 

CC 

CC 

CO 

AA 

AA 

CO 

33 

33 

CO 

55 

55 

CO 

FF 

FE 

DB 

CO 

FF 

00 

CO 

FO 

FO 

CO 

00 

FF 

CO 

OF 

OF 

CO 

CC 

CC 

CO 

AA 

AA 

CO 

33 

33 

CO 

55 

55 

CO 

FF 

FE 

DC 

CO 

FF 

00 

CO 

FO 

FO 

CO 

00 

FF 

CO 

OF 

OF 

CO 

CC 

CC 

CO 

AA 

AA 

CO 

33 

33 

CO 

55 

55 

CO 

FF 

FE 

DD 

CO 

FF 

00 

CO 

FO 

FO 

CO 

00 

FF 

CO 

OF 

OF 

CO 

CC 

CC 

CO 

AA 

AA 

CO 

33 

33 

CO 

55 

55 

CO 

FF 

FE 

DE 

CO 

FF 

00 

CO 

FO 

FO 

CO 

00 

FF 

CO 

OF 

OF 

CO 

CC 

CC 

CO 

AA 

AA 

CO 

33 

33 

CO 

55 

55 

CO 

FF 

FE 

8785 

PLO  4 

A4 

8817 

PHI  4 

b4 

8849 

PLO  5 

A5 

8881 

PHI  5 

B5 

8913 

PLO  6 

a6 

8945 

PHI  6 

b6 

8977 

PLO  7 

A7 

9009 

PHI  7 

B7 

9041 

LBR 

CO 

FF 

9089 

PLO  8 

A8 

9121 

PHI  8 

B8 

9153 

PLO  9 

A9 

9185 

PHI  9 

B9 

9217 

PLO  A 

AA 

9249 

PHI  A 

BA 

9281 

PLO  B 

AB 

9313 

PHI  B 

BB 

9345 

PLO  C 

AC 

9377 

PHI  C 

BC 

9409 

PLO  D 

AD 

9441 

PHI  D 

BD 

9473 

PLO  E 

AE 

9505 

PHI  E 

BE 

9537 

SEP  0 

DO 

9569 

LDX 

FO 

00 

9601 

LBR 

CO 

0000 

9649 

PHI  F 

BF 

9681 

PLO  F 

AF 

9713 

PHI  E 

BE 

9745 

PLO  E 

AE 

9777 

PHI  D 

BD 

9809 

PLO  D 

AD 

9841 

PHI  C 

BC 

9873 

PLO  C 

AC 

9905 

PHI  B 

BB 

9937 

PLO  B 

AB 

9969 

PHI  A 

BA 

10001 

PLO  A 

AA 

10033 

PHI  9 

B9 

10065 

PLO  9 

A9  • 

• 

10097 

PHI  8 

B8 

10129 

PLO  8 

a8 

10161 

PLO  0 

AO 

10193 

PHI  7 

B7 

10225 

PLO  7 

A7 

10257 

PHI  6 

b6 

10289 

PLO  6 

a6 

10321 

PHI  5 

B5 

10353 

PLO  5 

A5 

10385 

PHI  4 

b4 

10417 

PLO  4 

A4 

10449 

PHI  3 

B3 
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10481 

PLO  3 

A3 

10513 

PHI  2 

B2 

10545 

PLO  2 

A2 

10577 

PHI  1 

B1 

10609 

PLO  1 

A1 

10641 

LDX 

FO 

10673 

LBR 

CO 

10721 

PHI  F 

BP 

10753 

PLO  P 

AP 

10785 

PHI  E 

BE 

IO817 

PLO  E 

AE 

10849 

PHI  D 

BD 

10881 

PLO  D 

AD 

10913 

PHI  C 

BC 

10945 

PLO  C 

AC 

10977 

PHI  B 

BB 

11009 

PLO  B 

AB 

11041 

PHI  A 

BA 

11073 

PLO  A 

AA 

11105 

PHI  9 

B9 

11137 

PLO  9 

A9 

11169 

PHI  8 

B8 

11201 

PLO  8 

a8 

11233 

LBR 

CO 

11281 

PHI  7 

B7 

11313 

PLO  7 

A7 

11345 

PHI  6 

B6 

11377 

PLO  6 

a6 

11409 

PHI  5 

B5 

11441 

PLO  5 

A5 

11473 

PHI  4 

b4 

11505 

PLO  4 

a4 

11537 

PHI  3 

B3 

11569 

PLO  3 

A3 

11601 

PHI  2 

B2 

11633 

PLO  2 

A2 

II665 

PHI  1 

B1 

11697 

PLO  1 

A1 

11729 

SEP  1 

D1 

11761 

LBR 

CO 

II809 

SEP  2 

D2 

11841 

LBR 

CO 

II889 

SEP  4 

D4 

11921 

LBR 

CO 

11969 

SEP  8 

D8 

12001 

LBR 

CO 

12049 

SEP  E 

DE 

12081 

SEX  E 

EE 

12113 

STR  1 

51 

12145 

SEX  1 

El 

12177 

INP  E 

6E 

12209 

SEP  D 

DD 

pp 

PP  PO 


PF  PO 


FEDC 
89AB 
76  54 

0123 
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00 


r 


12241 

SEX  D 

ED 

12273 

STR  2 

52 

12305 

SEX  2 

E2 

12337 

INP  D 

6D 

12369 

SEP  B 

DB 

12401 

SEX  4 

E4 

12433 

INP  B 

6b 

12465 

SEX  B 

EB 

12497 

STR  4 

54 

12529 

SEX  8 

E8 

12561 

SEP  7 

D7 

12593 

OUT  7 

67 

12625 

SEX  7 

E7 

12657 

12689 

STR  8 

58 
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1111111100000000 

1111000011110000 

0000000011111111 

0000111100001111 

1100110011001100 

1010101010101010 

0011001100110011 

0101010101010101 

Table  3-3*  Test  pattern  sequence  for  verifying  bit 
independence  and  integrity. 

Register  Independence  and  Transmission  Gate  Isolation  (Vectors 

7425-117237 

Operations  on  one  register  must  not  affect  or  be  affected  by 
any  other  register  in  the  SPM  register  array.  Independence  be- 
tween registers  must  be  tested  to  ensure  this  condition. 

Verification  of  register  independence  in  the  SPM  was  per- 
formed in  two  parts.  The  first  part  ensured  that  writing  into 
lower  ordered  registers  had  no  effect  on  any  higher  ordered 
register,  and  the  second  portion  ensured  that  writing  into  high- 
er ordered  registers  had  no  effect  on  any  lower  ordered  registers . 

Upon  completion  of  verifying  bit  independence  and  integrity 
all  the  SPM  registers  are  filled  with  I's.  These  l's  are  read 
out  of  the  registers  and  0's  are  written  into  them.  This  process 
of  writing  0's  over  l's  Is  performed  on  the  SPM  in  ascending 
register  order  starting  with  register  0 and  continuing  to  register 
E,  register  F is  used  as  the  program  counter  register.  These 
tests  show  that  writing  zeros  in  lower  ordered  registers  has  no 
effect  on  l's  in  any  higher  ordered  register.  This  process  is 
repeated  except  0's  are  read  out  of  the  SPM  registers  while 
writing  l's  into  them  in  the  same  ascending  register  order.  At 
this  point  in  the  test  sequence  it  has  been  shown  that  writing 
0's  or  l's  into  lower  ordered  registers  has  no  effect  on  any 
higher  ordered  register. 

The  second  part  of  verifying  register  independence  in  the 
SPM  was  performed  using  the  same  technique  as  the  first  part 
except  the  order  of  accessing  the  registers  was  reversed.  That 
is  the  first  register  accessed  was  F,  the  last  register  accessed 
was  1,  and  register  0 was  the  program  counter.  Thus,  showing 
that  writing  0's  or  l's  into  higher  ordered  registers  has  no 
effect  on  any  lower  ordered  register. 
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In  addition  to  showing  register  independence,  these  tests 
were  used  to  verify  TG  isolation  in  each  memory  cell.  Prior  to 
reading  a bit  from  a register  under  test  its  complement  was 
written  into  the  program  counter  register.  Thus,  if  TG  isolation 
was  inadequate  either  the  PC  register  or  the  register  under  test 
would  produce  wrong  data  on  the  MA  outputs.  The  PC  register  was 
initially  loaded  with  OOOO16  when  the  sequence  of  reading  l's  was 
performed  in  ascending  register  order  and  again  loading  OOOO16 
into  the  PC  preceding  this  operation  on  registers  8 through  F. 

The  PC  register  was  loaded  with  FFFO  preceding  the  operation  of 
reading  0's  in  ascending  register  order  and  again  reloading  FFFO 
into  the  PC  register  preceding  this  operation  on  registers  8 
through  F. 

This  preloading  procedure  verified  TG  isolation  for  1,  0 
and  a 0,  1 condition  in  every  register. 

Verification  of  4 to  16  Decoder  Interconnections  (Vectors 

IT729"-  '125BBT 

One  of  three  registers,  designated  by  P,  X,  and  N,  selects 
any  one  of  the  16  SPM  registers.  Connections  from  the  decoder 
to  the  SPM  cells  were  verified  in  the  register  independence  tests 
on  the  SPM.  The  connections  from  each  of  the  three  designating 
•registers  to  the  4 to  16  bit  SPM  decoder  must  also  be  ensured. 

The  technique  used  to  ensure  these  decoder  connections  con- 
sisted of  writing  unique  data  into  SPM  registers  1,  2,  4,  and  8 
using  designating  register  P.  This  unique  data  was  read  out  of 
each  SPM  register  by  selecting  it  via  designating  register  N while 
the  complement  of  register  N is  in  P and  X.  This  is  repeated  for 
designating  register  X.  The  designating  data  1 (0001),  2(0010), 
4(0100),  and  8(1000)  also  verifies  independence  of  each  data  line 
and  bit  in  the  designating  registers  by  walking  a one  through  a 
field  of  zeros. 


Verification  of  the  remaining  circuitry  was  accomplished  by 
separating  it  into  specific  functions  and  ensuring  that  each 
functional  block  was  tested.  These  blocks  consisted  of  timing 
circuitry,  I and  N decoders,  arithmetic  logic  unit,  I/O  interrupt 
servicing  logic,  conditioning  short/long  branch/skip  logic,  SPM 
increment/decrement  logic,  and  registers  D,B,N,I,P,T,  and  X. 

Test  requirements  for  each  block  were  defined  and  the  testing 
effectiveness  of  Vendor  E's  tests  for  each  block  was  evaluated. 
Tests  were  inserted  or  appended  where  necessary.  Vendor  E's  test 
patterns  and  GEOS's  insertions  comprise  vectors  1-2754  of  sequence 
CL.  The  remaining  vectors  2755-5938  were  appended  to  complete 
the  testing  of  functional  blocks  with  proven  test  patterns. 

Table  3-4  contains  a cross  reference  between  vector  numbers 
in  sequence  CL  to  OP  codes  and  data.  The  two  rows  of  register 
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data  indicate  the  data  verified  (top  data)  and  stored  (bottom 
data)  for  each  instruction.  The  table  uses  hexadecimal  notation 
to  represent  4 bits  of  binary  data. 

Test  numbers  refer  to  the  start  of  the  fetch  cycle  for  the 
specified  OP  codes.  As  shown  in  this  table  only  five  of  the  SPM 
registers  (registers  0,1,2, 7 and  F)  are  utilized  extensively  in 
this  sequence.  All  SPM  registers  are  thoroughly  tested  in 
sequence  SP 

The  following  sections  describe  the  required  tests  for  each 
function,  and  methods  of  implementing  these  tests  in  the  micro- 
processor. 

Timing  Circuitry 

The  basic  timing  signals  in  the  1802  microprocessor  are  pro- 
duced by  two  blocks  of  circuitry. 

The  first  block,  generation,  generates  pulses  corresponding 
to  specific  clock  cycles.  The  second  block,  decoding,  provides 
desired  pulses  from  the  generated  signals.  The  signals  from 
this  timing  circuitry  are  gated  with  other  control  logic  signals 
to  produce  the  desired  synchronous  signals.  The  signals  from 
the  timing  decoder  circuitry  occur  every  eight  clock  pulses  (l 
machine  cycle).  Every  machine  cycle  is  dependent  on  the  occurrence 
of  these  basic  timing  signals.  Therefore,  applying  inputs  and 
monitoring  outputs  defined  in  worst  case  timing  diagrams  ensures 
the  operation  of  the  timing  generation  circuitry. 

I and  N Decoders  and  Register  Control  Logic 

The  I and  N decoders  translate  the  contents  of  the  I and  N 
registers  (OP  code)  into  signals  required  for  the  operation  of 
the  remaining  control  logic.  The  initial  I decoder  is  a 4 to  16 
•bit  decoder.  To  verify  the  operatioh ' o'f  'this  circuitry  all  com- 
binations of  I must  be  applied,  i.e.,  every  instruction  type  must 
be  executed.  The  N decoder  is  not  a straight  4 to  16  bit  decoder. 
It  consists  of  control  logic  which  does  not  require  application 
of  every  combination  of  N to  verify  its  operation. 

The  Register  control  logic  consists  of  logic  which  directly 
controls  the  operation  of  the  registers.  Specific  output  com- 
binations from  the  I and  N decoders  are  gated  with  timing  signals 
to  control  registers.  The  major  portion  of  this  logic  is  exer- 
cised during  ALU  operations  (I  = 7^6  or  Fi6). 

The  decoder  and  register  control  logic  circuitry  was  verified 
by  insuring  that  every  gate  was  exercised  with  their  proven  test 
vectors.  Signals  to  each  gate  were  defined  and  input  conditions 
analyzed  to  ensure  that  the  gates  were  verified . The  original 
control  logic  tests  met  the  GEOS  testing  requirements  for  this 
portion  of  the  control  logic  circuitry  and  no  tests  were  added. 
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Arithmetic  Logic  Unit  (ALU) 

The  ALU  In  the  1802  microprocessor  operates  on  one  bit  of 
data  at  a time.  Operand  data  is  serially  shifted  from  the  D and 
B (transparent  to  the  user)  registers.  The  output  of  the  ALU  is 
shifted  back  into  the  D register.  When  an  ALU  operation  is  per- 
formed, the  ALU  executes  the  function  eight  times,  once  on  each 
pair  of  bits  in  the  D and  B registers.  One  ALU  operation  applies 
eight  patterns  of  data  to  the  ALU. 

The  vectors  applied  to  the  ALU  by  Vendor  E's  tests  were 
evaluated  using  a computer  program  to  determine  their  TCL. 

Vendor  E's  tests  obtained  a TCL  of  96.6$.  The  program  generated 
two  more  vectors  and  a third  was  manually  generated  to  obtain  a 
TCL  of  100#. 

The  vectors  which  the  program  generated  consisted  of  execut- 
ing a load  operation  of  a 0 (read  from  memory)  into  a bit  position 
which  was  a 1 (contents  of  D register)  and  the  other  consisted  of 
exclusive  ORing  a 1 with  a 1.  The  manually  generated  vector  con- 
sisted of  subtracting  a 1 in  the  D register  from  a 0 in  the 
memory.  These  three  vectors  were  applied  to  the  ALU  in  the  pat- 
terns appended  to  the  control  logic  tests  (Tests  3267,  3475>  and 
3747). 

I/O  Interrupt  Servicing 

The  circuitry  involved  in  servicing  interrupts  utilizes 
latches  which  are  strobed  during  execution  cycles.  The  priority 
of  servicing  these  interrupts  is  also  included  in  this  circuitry. 
This  section  of  the  processor  was  analyzed  using  the  same  method 
used  to  evaluate  the  vectors  for  the  register  control  logic. 

Vendor  E's  tests  acknowledged  all  three  I/O  requests  and 
ensured  that  each  request  was  serviced . All  priorities  were 
verified  by  these  tests. 

Conditional  Short/Long  Branch/Skip 

The  circuitry  involved  in  conditional  short/long  branches/ 
skips  consists  of  multiplexers  and  gated  control  logic.  A con- 
densed drawing  of  this  circuitry  is  shown  in  Figure  3-3.  The 
flagged  states  are  selected  by  bits  0-2  from  the  N register  and 
gated  with  signals  from  the  timing  and  I decoders.  The  test 
philosophy  for  multiplexers  is  to  ensure  that  each  channel  can 
transfer  both  a logic  "1"  and  "0"  independent  of  the  other  chan- 
nels. The  gate  level  analysis  of  this  circuitry  also  showed  that 
every  flagged  state  must  be  tested  when  all  other  flags  are  in 
the  opposite  state. 

Vendor  E's  tests  executed  a check  on  every  flag,  but  not 
both  states  of  every  flag  were  used  nor  were  the  other  flags  in 
the  appropriate  states  for  a thorough  test.  These  tests  were 
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revised  if  the  flag  states  were  easily  changed  such  as  EP  inputs. 
Otherwise,  additional  tests  were  added  to  verify  untested  condi- 
tions (vectors  2755  - 4195  and  5603  - 5938  in  sequence  CL). 

One  flag  condition  which  required  executing  a given  test 
condition  more  than  once  was  for  D / 0.  The  8 bits  in  the  D 
register  are  OR  ed  together  and  this  signal  is  multiplexed  as  a 
flag  input  as  illustrated  in  Figure  3-3.  Due  to  the  OR  function, 
a logic  "l"  must  be  walked  through  zeros  in  the  D register  and 
this  condition  (D  / 0)  tested  for  each  bit  to  ensure  this  circuit 
operation. 

The  IE  flag  signal  is  gated  with  N3  and  N2  which  provides  a 
signal  defined  by  N3  + IE  + N2.  Thus,  to  verify  this  circuitry 
a logic  "0"  must  be  walked  through  a field  of  logic  "l"s  for 
signals  N3,  N2,  and  TlS.  Hexadecimal  OP  codes  which  test  this 
circuitry  and  sensitize  a path  to  an  observable  output  are  CC 
(Long  skip  if  IE)  with  IE  = 0 and  1,  38  (Never  Branch)  or  C8 
(Never  long  branch)  with  IE  = 0 and  C4  (No  Operation)  with  IE  = 

0.  Tests  were  appended  to  Vendor  E's  vectors  for  detecting 
these  path  sensitivities  (Tests  3043  - 3170). 

SPM  Inc rement/De crement  Addresses 

The  increment  and  decrement  functions  on  the  memory  addresses 
are  performed  in  parallel  on  the  8 lower  then  8 higher  ordered 
bits.  A separate  distinct  block  executes  these  functions  on  the 
memory  addresses  as  illustrated  in  Figure  3-4.  The  gate  level 
schematics  of  the  increment /decrement  circuitry  were  investigated. 
In  spite  of  the  fact  that  even  and  odd  bits  utilize  a different 
gate  implementation  for  increment  and  decrementing  both  are 
verified  with  the  same  set  of  vectors . 

When  both  the  increment  and  decrement  operation  detected 
identical  faults,  the  Incrementing  test  pattern  was  selected 
since  most  instructions  use  this  operation.  The  minimum  tests 
required  to  verify  the  increment/decrement  circuitry  consisted 
of  incrementing  each  bit  with  every  combination  of  the  carry-in 
bit  (from  the  dower  significant  bit)  and  SPM  bit,  and  decrement- 
ing each  bit  with  the  carry-in  bit  set  and  a 1 and  0 condition 
in  the  SPM  bit . Since  the  upper  ordered  eight  bits  use  the  same 
increment /decrement  circuitry  as  the  lower  ordered  eight  bits 
only  the  upper  bits  were  utilized.  Vendor  E's  vectors  did  not 
perform  extensive  testing  on  this  increment/de crement  circuitry. 
Therefore,  vectors  4227  - 4899  in  sequence  CL  were  added  to 
properly  test  this  circuitry. 
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Figure  3-4.  Simplified  drawing  illustrating  increment/ 
decrement  circuitry  for  SPM  registers. 


Registers  (D,  B,  N,  I,  P,  T,  and  X) 


An  operational  description  of  these  registers,  with  the 
exception  of  the  B register,  is  given  in  Vendor  E's  1802  device 
specification.  The  B register  is  not  defined  in  their  data 
sheet  since  its  operation  is  transparent  to  the  user.  The  B 
register  is  used  to  latch  data  from  the  BUS  lines  and  is  pro- 
vided access  to  the  D register  through  ALU  operations . 

Latch  storage  capability,  TG  isolation  and  transmitting 
capability,  and  data  paths  must  be  verified.  During  one  ALU 
operation  eight  bits  of  data  are  shifted  through  both  the  D and 
B latches.  These  operations  ensure  latch  storage  capability, 

TG  isolation  and  data  paths.  TG  data  transmitting  capability 
for  BUS  lines  to  B and  D registers  is  ensured  during  the  SPM 
tests . 

The  P register  designates  the  program  counter  register  in 
the  SPM.  The  data  connnections , transmitting  ability,  and  iso- 
lation from  the  BUS  to  the  P register,  and  P register  to  the  SPM 
address  decoder  were  ensured  during  the  SPM  tests.  The  operation 
of  the  remaining  latches  and  TGs  were  verified  during  the  control 
logic  tests,  in  particular  data  paths  from  the  P to  the  T regis- 
ter are  proven  in  the  tests  which  were  added  to  ensure  the  T 
register  operation. 

Vendor  E's  tests  wrote  and  read  hexadecimal  numbers  10  and 
00  into  the  T register.  These  patterns  accomplished  little  in 
the  area  of  ensuring  the  T register  operation.  Tests  were  added 
(vectors  5027  - 5602)  which  wrote  and  read,  similar  patterns 
used  to  verify  bit  independence  in  the  SPM  registers,  into  the 
T register.  These  patterns  ensured  register  bit  independence  in 
addition  to  verifying  that  both  a logic  "1"  and  "0"  could  be 
written  over  a logic  "0”  and  ”1"  respectively. 

Verification  of  bit  independence  in  the  T register  also 
ensured  bit  independence  in  the  X register  in  addition  to  data 
paths  between  the  X and  T registers.  TG  isolation,  bit  indepen- 
dence, integrity,  and  data  paths  from  the  X register  to  SPM 
address  decoder  were  verified  in  the  SPM  test,  sequence  SP  table 
II  (vectors  11729  - 12688).  A logic  1 was  walked  through  0's  in 
the  X register  and  after  loading  each  set  of  data  it  was  verified 
along  with  data  paths.  This  was  accomplished  by  using  the  X 
register  to  select  a unique  SPM  register.  Thus,  operations  and 
connections  utilizing  the  X register  were  verified. 
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Control  Circuitry  for  N Outputs 


Control  logic  signals  are  gated  with  N register  bits  0-2 
to  provide  the  N outputs  for  input  and  output  instructions  (OP 
code  = 6n  for  1<  N^F).  Logic  operation  and  data  path  integrity 
and  independence  must  be  ensured  to  verify  this  circuitry.  Tests 
were  added  (vectors  4931  - 5026)  to  test  sequence  CL  to  perform 
these  tests  on  this  circuitry. 

Test  Vector  Generation  for  Maximum  Execution  Frequency  at  Two 
Different  Supply  Voltages 

Timing  conditions  were  not  checked  in  Vendor  E's  test 
vectors.  Inputs  were  applied  without  verification  of  setup  or 
hold  times.  The  application  of  the  vectors  was  slow  enough  so 
that  the  output  signals  were  settle  at  the  end  of  each  vector. 

Worst  case  timing  conditions  were  incorporated  into  the 
revised  vectors.  A computer  program  was  written  to  revise  the 
generated  vectors  to  include  pattern  changes  as  a function  of 
timing.  Setup  and  hold  times  for  inputs  were  verified  by  forc- 
ing the  correct  data  only  during  the  specified  time  period  and 
forcing  its  complement  at  all  other  times.  Propagation  delay 
times  had  to  be  considered  when  applying  the  patterns  at  maximum 
frequency.  Applying  the  vectors  at  maximum  frequency  did  not 
allow  enough  time  for  the  outputs  to  settle  before  the  applica- 
tion of  the  next  vector.  Fig.  3-3  and  3-4  illustrate  the  timing 
considerations  used  in  generating  maximum  frequency  test  vectors. 
If  an  output  was  compared  any  time  during  a vector  an  L or  H is 
specified  in  the  vector,  otherwise,  an  unknown  condition  was 
specified.  The  specified  input  data  is  included  in  vectors  where 
the  setup  or  hold  times  require  the  specified  data  to  be  present 
at  least  a portion  of  the  vector  time.  Extra  columns  were  added 
to  the  patterns  to  identify  when  the  specified  data  on  defined 
inputs  should  be  applied  per  given  timing  waveforms,  when  a high 
ordered  address  is  present  at  the  MA  outputs,  and  when  the  data 
bus  is  in  the  high  impedance  state . 

Because  propagation  delay  times  for  output  signals  over- 
lapped into  the  next  switching  time  period,  it  was  necessary  to 
specify  a minimum  propagation  time  for  some  waveforms.  An 
example  of  this  condition  is  the  TPA  output  operating  at  a clock 
frequency  of  3-4?  MHz  and  Vdd  = Vqc  = 10V.  The  propagation  delay 
times  for  this  output  are  300  ns  maximum.  As  illustrated  in 
Figure  3-5 > falling  clock  edge  number  1 forces  output  TPA  to  a 
logic  1.  This  level  change  may  occur  anytime  within  300  ns  after 
this  clock  edge.  This  propagation  delay  time  period  includes  12 
ns  of  time  after  falling  clock  edge  2.  Falling  clock  edge  2 
forces  the  TPA  output  to  a logic  0.  So,  theoretically  if  the 
propagation  delay  time  of  the  low  to  high  transition  was  maximum 
and  the  high  to  low  delay  was  less  than  12  ns,  no  high  level 
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would  occur  on  this  output.  Since  all  signals  require  time  to 
propagate  through  the  Internal  logic  to  an  output,  a minimum  time 
was  defined  for  the  low  to  high  propagation  delay  time.  This 
minimum  delay  parameter  was  defined  for  signals  TPA,  TPB,  and 
high  ordered  MA  when  Vcc  = Vdd  = 10V  and  high  ordered  MA  when 
vcc  = vDD  = 5v. 
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Figure  3-5-  Worst  case  timing  diagram  for  clock  frequency 


SECTION  IV 


A COMPARISON  OP  TWO  TEST  PATTERNS  DEVELOPED 
FOR  THE  CDP  1802  MICROPROCESSOR 


The  following  is  a review  of  the  test  vectors  developed  by 
Vendor  H and  Vendor  J for  NASA  on  the  1802  CMOS  microprocessor. 
The  review  was  made  by  comparing  this  pattern  to  that  developed 
at  GEOS  for  RADC  for  MIL-M-38510/470 . Review  of  the  patterns 
developed  by  Vendors  H and  J consisted  of  examining  a report 
written  for  NASA  entitled  "An  Electrical  Characterization  of  the 
1802  Microprocessor",  investigating  some  specific  patterns  in 
detail,  and  discussing  information  requiring  more  in-depth  know- 
ledge of  the  instruction  sequence  with  Vendor  H. 

The  initial  concern  in  reviewing  these  tests  is  the  large 
number  of  vectors  required  to  verify  operation  of  the  1802  micro- 
processor. The  main  functional  test  developed  for  the  NASA 
characterization  consists  of  11,818  vectors,  where  each  vector  is 
one  complete  clock  cycle  for  the  processor.  The  functional  tests 
developed  at  GEOS  consists  of  18,290  vectors,  where  each  vector 
is  half  a clock  cycle.  These  would  be  reduced  to  half  the  number 
(9>l46  vectors)  if  they  were  in  the  same  form  as  NASA's  vectors. 
The  major  difference  in  the  number  of  vectors  appears  to  be  in 
the  test  development  philosophies.  Vendor  J's  test  philosophy 
was  based  on  testing  a universal  implementation  of  each  of  the 
processor's  functions,  whereas  the  test  philosophy  at  GEOS  was 
based  on  the  exact  logic  implementation.  This  latter  philosophy 
was  followed  since  the  two  other  sources  for  the  1802,  Vendors 
K and  H,  have  mask  agreements  with  Vendor  E.  The  development  of 
the  NASA  vectors  was  also  the  result  of  reducing  a 40,000  vector 
pattern  to  11,818  vectors  which  may  also  explain  the  resultant 
difference  In  number  of  vectors . 

A major  portion  of  both  patterns  was  devoted  to  verifying 
operation  of  the  scratch  pad  memory  (SPM)  in  the  1802  micro- 
processor. The  test  philosophy  at  GEOS  for  checking  the  SPM 
consisted  of  verifying  bit  and  register  independence  (isolation) 
and  integrity  for  both  1-0  and  0-1  conditions,  transmission  gate 
isolation  capability,  and  data  path  integrity  from cfesigna ting 
registers  N,  P,  and  X to  the  SPM  address  decoder. 

Since  this  was  the  philosophy  followed  at  GEOS,  all  these 
conditions  for  the  SPM  are  verified  in  the  vectors  developed  at 
GEOS.  The  vectors  reviewed  in  the  NASA  report  do  verify  isola- 
tion in  one  direction  but  will  not  detect  a diode  type  of  short. 
For  example,  the  patterns  in  sections  3.1*1  show  that  a 0 was 
written  in  bit  15  and  a 1 was  written  in  bit  7.  This  verifies 
isolation  in  one  direction  but  will  not  detect  a diode  type  of 
short  where  a 0 in  bit  7 could  pull  down  a logic  1 in  bit  15 . 

This  condition  was  not  checked  on  approximately  50#  of  the  bits. 


The  procedure  defined  in  paragraph  3.1.2  of  the  NASA  report 
verifies  the  integrity  (writing  l's  over  0's  and  0's  over  l's) 
of  every  bit  in  the  SPM.  In  addition  to  integrity,  register 
independence  is  verified  to  a certain  degree.  The  procedure 
described  selects  each  register  in  turn  and  identifies  it  as  a 
diagnostic  register,  l's  are  written  into  it  and  the  effect  on 
the  0's  stored  in  the  other  registers  is  checked.  As  other 
registers  become  the  diagnostic  register,  previous  diagnostic 
registers  are  periodically  checked  to  see  if  the  0's  now  stored 
in  them  are  being  affected  by  the  l's  being  written  in  the  new 
diagnostic  register.  The  inverse  of  this  pattern  should  also  be 
applied,  i.e.:  the  effect  that  writing  0's  in  the  diagnostic 
register  has  on  l's  stored  in  the  other  registers.  The  review 
of  the  patterns  does  not  indicate  that  this  was  accomplished. 

An  investigation  into  the  Vendor  E implementation  of  the 
SPM  showed  that  transmission  gate  (TG)  isolation  capability  in 
the  memory  cells  must  be  verified  to  ensure  fault  free  operation 
(All  memory  cells  in  a specific  bit  position  are  connected  to  the 
same  data  line  through  TGs).  To  ensure  TG  isolation,  prior  to 
reading  an  SPM  diagnostic  bit,  its  complement  should  be  read  from 
another  SPM  register  in  the  same  bit  location.  This  should  be 
done  for  both  the  0 and  1 conditions  to  thoroughly  verify  a 
TGs  isolation  capability.  Independence  and  Integrity  of  data 
paths  from  each  of  the  designating  registers,  N,  P,  and  X to  the 
SPM  address  decoder  must  also  be  verified . Since  determining 
the  extent  to  which  the  NASA  patterns  accomplished  the  previous 
two  tests  would  require  a more  detailed  investigation.  Vendor  H 
was  contacted.  They  indicated  that  these  were  not  specifically 
tested  for  but  that  a good  portion  of  the  tests  would  be  checked 
during  the  normal  test  pattern. 

The  test  philosophy  used  by  GEOS  for  the  remaining  circuitry 
onsisted  of  separating  the  logic  into  specific  functional  blocks 
t;nd  verifying  the  circuitry  in  each  block.  The  ALU  circuitry 
operates  on  one  bit  of  data  each  clock  cycle  and  shifts  the  re- 
sult back  through  the  D register.  Executing  one  ALU  instruction 
will  apply  eight  sets  of  data  to  the  ALU.  The  sets  of  data 
applied  to  the  ALU  during  the  execution  of  the  RADC  vectors  were 
evaluated  by  a computer  program  on  the  logic  diagram  for  Vendor 
E's  implementation.  The  evaluation  indicated  a 100#  fault 
detection  coverage  by  the  data  on  the  ALU,  based  on  a stuck-at  1 
and  0 philosophy.  Time  did  not  permit  evaluating  the  NASA  vec- 
tors which  test  the  ALU.  Since  these  patterns  were  generated  to 
test  all  possible  1802  implementations, this  portion  of  the  test 
could  yield  a high  testing  confidence  level  for  the  ALU. 

Both  the  NASA  and  RADC  patterns  verify  that  the  proper 
priority  is  maintained  during  the  application  of  DMA's  and 
interrupt . 


The  branch  and  skip  instructions  are  implemented  in  the 
1802  by  multiplexing  the  flagged  states  with  the  values  of  the 
instruction  bits  (N)  used  to  select  the  correct  flag.  To 
thoroughly  test  a multiplexer  requires  verifying  that  each  chan- 
nel can  pass  both  a one  and  zero  independent  of  the  other  chan- 
nels. This  test  philosophy  is  implemented  by  executing  a con- 
ditional branch  or  skip  instruction  when  each  flag  state  is  a 1 
and  0 while  the  other  flags  are  in  the  complemented  state.  Only 
the  state  of  the  external  input  flags  (EFT  - EF4)  were  reviewed 
in  the  NASA  vectors.  These  external  input  flags  were  in  appro- 
priate states  to  fulfill  the  necessary  multiplexer  tests  during 
their  conditional  skips  or  branches.  The  states  of  the  internal 
flags  were  not  investigated  during  the  execution  of  these  in- 
structions for  this  review,  because  it  would  require  a signifi- 
cant amount  of  additional  time.  These  must  be  investigated  fur- 
ther to  determine  whether  these  multiplexer  verification  type  of 
tests  were  completed . Vendor  H indicated  that  the  criteria  of 
ensuring  that  the  internal  flag  states  were  the  complement  of 
the  tested  conditional  flag  was  probably  not  specifically  tested. 

The  condition  where  D does  not  equal  zero  must  be  tested  for 
each  individual  bit  in  the  D register.  This  requires  executing 
the  conditional  branch  on  D,  with  D not  equal  to  zero,  a minimum 
of  eight  times,  once  for  each  and  only  one  bit  equal  to  1 in  the 
D register.  This  condition  was  only  executed  five  times  and  the 
data  in  the  D register  was  not  determined  for  this  review. 

Another  functional  block  in  the  processor  consists  of  the 
increment/decrement  circuitry  for  the  SPM  registers.  The  Vendor 
E implementation  uses  an  8 bit  increment/decrement  circuit  to 
operate  on  the  16  bit  SPM  registers.  A 100#  verification  of 
stuck-at  faults  in  this  circuitry  requires  at  a minimum  incre- 
menting and  decrementing  either  all  upper  8 bits,  or  lower  8 
bits,  or  a correct  combination  of  the  two  for  both  a one  and 
zero  condition  with  the  carry  bit  equal  to  1. 

A 100#  stuck-at  fault  detection  would  also  require  incre- 
menting or  decrementing  a one  and  zero  with  the  carry  bit  equal  to 
zero.  The  patterns  developed  at  GEOS  execute  these  tests  on  the 
processor.  The  NASA  vectors  did  not  check  the  logic  in  this 
detail.  To  determine  the  extent  of  the  circuitry  verified  would 
require  a very  detailed  investigation  of  the  SPM  register  con- 
tents . 


The  test  philosophy  at  GEOS  for  verifying  the  operation  of 
TGs  consisted  of  transferring  a 1 and  0 in  both  directions  and 
assuring  the  isolation  capability  for  a 1-0  and  0-1  condition. 

The  capability  of  transferring  data  from  the  data  bus  to  the 
SPM  is  verified  during  the  tests  on  the  SPM.  The  reverse  trans- 
fer capability  is  performed  only  by  the  instructions  GHI  and  GLO. 
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The  NASA  vectors  did  not  pass  both  a 1 and  0 through  these  TGs 
in  this  direction.  The  vectors  tested  only  50#  of  this  capabil- 
ity. During  the  execution  of  these  instructions  the  data  being 
transferred  from  the  SPM  to  the  D register  is  present  on  the 
data  bus,  but  is  not  compared  in  the  NASA  vectors.  This  was 
also  found  to  be  the  case  for  several  instructions  where  the 
processor  was  supplying  data  to  the  data  bus . 

Verification  of  the  T,  X,  and  P registers  for  bit  indepen- 
dence was  assured  completely  in  the  NASA  vectors  by  walking  a 1 
through  each  bit.  During  this  verification  the  MARK  instruction 
was  executing  repeatedly.  Its  execution  continually  transfers 
the  contents  of  the  T register  to  the  data  bus . The  data  bus 
contains  the  old  contents  of  the  T register  during  the  earlier 
portion  of  the  machine  cycle  and  the  new  contents,  loaded  from 
the  X and  P register,  later  in  the  machine  cycle . The  vectors 
from  NASA  only  test  for  the  new  contents  of  the  T register  on 
the  data  bus  and  no  comparison  for  the  old  data  is  performed  . 

Independence  and  integrity  of  output  lines  N are  verified 
by  both  sets  of  patterns.  External  input  data  is  forced  on  the 
data  bus  only  when  it  is  being  loaded  into  the  processor  in  the 
NASA  vectors . The  vectors  developed  at  GEOS  force  the  comple- 
ment of  the  data  prior  to  and  following  the  loading  of  the  cor- 
rect data.  This  ensures  that  the  TGs  connected  to  the  data  bus 
are  isolating  the  registers  at  the  correct  times  in  the  machine 
cycles . 

If  the  NASA  test  pattern  is  revised  to  complete  or  add  test 
sequences  in  the  questionable  areas  that  were  discussed,  the  test 
confidence  will  be  improved . 


SECTION  V 


A COMPARISON  OF  TWO  TEST  PATTERNS  DEVELOPED 
FOR  THE  1802  CMOS  MICROPROCESSOR 


Introduction 

— 

GE  OSPD  and  Vendor  J both  developed  military  specifications 
for  the  CDP  1802  Microprocessor.  The  major  differences  in  the 
two  specifications  are  in  the  test  approaches  utilized  inverify- 
ing function,  maximum  frequency,  threshold  voltages,  setup  and 
hold  times  and  propagation  delay  times.  Advantages  and  disad- 
vantages of  these  differences  are  discussed  in  the  following 
report . 

Comparison  of  Functional  Tests 

The  functional  tests  developed  by  GE  OSPD  and  Vendor  J were 
developed  separately  to  fulfill  specific  test  philosophies. 
Therefore,  distinct  differences  are  present.  Both  functional 
test  pattern  files  were  generated  utilizing  computer  programs 
which  implies  that  either  sequence  could  be  converted  to  another 
format . 

The  most  evident  difference  between  the  two  pattern  file 
formats  is  that  one  1802  clock  cycle  requires  one  Vendor  J 
vector  versus  two  GE  vectors.  Since  Vendor  J uses  one  vector 
for  each  clock  cycle  the  frequency  resolution  for  applying  the 
vectors  with  an  automatic  tester  is  better.  In  other  words, 
application  of  the  functional  test  closest  to  the  maximum  device 
frequency  without  exceeding  it,  is  possible  utilizing  Vendor  J's 
format  (3-8  MHz)  over  GE's  format  (3-5  MHz). 

The  GE  format  defines  the  correct  input  data  only  when  it 
is  necessary  to  meet  the  setup  and  hold  times.  Otherwise  the 
complement  is  denoted  in  the  vectors.  The  Vendor  J format 
defines  the  correct  data  on  inputs  also,  but  when  data  on  the 
inputs  is  not  critical  the  vectors  inhibit  tester  drivers.  In- 
hibiting the  tester  drivers  leaves  inputs  floating.  When  the 
drivers  are  inhibited  the  charge  on  these  pins  cannot  be  drained 
quickly  due  to  the  low  leakage  of  the  MOS  inputs  in  the  1802 . 

Thus,  data  is  maintained  on  the  device  inputs  longer  than  indi- 
cated by  the  vectors,  or  required  for  a worst  case  test  as  it 
applies  to  set  up  and  hold  times.  Internal  timing  will  not  be 
tested  as  thoroughly  in  the  Vendor  J vectors . 

Vectors  generated  by  GE  also  contain  five  additional  columns 
of  information.  These  define,  when  desired  data  is  present  in 
the  vectors,  when  the  high  order  address  is  available  on  the  MA 
outputs,  and  when  the  data  bus  is  in  high  impedance  state.  These- 
additional  columns  are  necessary  for  implementing  the  worst  case 
timing  conditions  in  the  functional  tests. 
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Functional  tests  are  not  performed  at  maximum  frequency  by 
Vendor  J.  But,  since  the  1802  propagation  delays  are  somewhat 
long  for  specific  signals,  several  clocks  are  applied  at  this 
intermediate  frequency  before  output  signals  are  settled  and  com- 
pared. Performing  the  functional  tests  at  an  intermediate  fre- 
quency does  not  ensure  worst  case  timing  nor  are  specific  re- 
sponses to  unique  clocks  verified.  Worst  case  internal  timing 
is  only  ensured  by  operating  the  device  at  its  maximum  frequency. 
If  worst  case  internal  timing  is  not  being  verified  another 
method  to  check  internal  signals  would  be  to  compare  the  device 
outputs  after  every  clock  transition.  This  type  of  testing 
ensures  the  operation  of  gates  which  generate  timing  signals 
within  the  processor.  A comparison  of  device  outputs  after  every 
clock  transition  would  require  a reduction  in  clock  frequency. 
This  frequency  would  have  to  be  reduced  so  that  every  output  is 
settled  and  compared  between  each  clock  transition,  thus,  making 
the  functional  test  look  like  more  of  a static  test.  . ... 

Test  Philosophy  Comparison 

Conditions  and  verified  parameters  for  each  test  philosophy 
in  the  1802  microprocessor  slash  sheets  are  listed  in  Table  5-1  • 
The  leftmost  column  defines  test  type  followed  by  GE  OSPB's 
approach  and  then  Vendor  J's  approach.  Advantages  and  disad- 
vantages of  each  approach  are  discussed  with  reference  to  the 
numbers  in  the  rightmost  column  under  comments. 

Comments  on  Test  Approaches 

1 . Test  Pattern  Development 

The  OE  philosophy  of  developing  the  functional 
tests  using  the  actual  vendor  mechanization  permits 
a reduction  in  the  number  of  tests  required  to  com- 
pletely verify  this  device.  Basing  the  functional 
tests  upon  a large  functional  block  diagram  as  done 
by  Vendor  J requires  more  tests  to  completely  verify 
each  block.  The  effectiveness  of  this  general 
approach  should  be  immune  to  minor  design  changes 
which  do  not  impact  the  functional  blocks.  But, 
design  changes  which  affect  output  responses  or 
timing  would  affect  tests  developed  by  both  methods . 

2.  Input  Signals 

Utilizing  both  logic  1 and  logic  0 threshold 
voltages  in  functional  testing  as  recommended  by  GE 
performs  a more  thorough  verification  of  the 
device's  thresholds  and  noise  margins.  At  maximum 
frequency  internal  noise  will  be  greater  thereby 
increasing  the  opportunity  for  the  device  to  fail 
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Table  5-1 . Slash  sheet  test  outline 


if  there  are  crosstalk  and/or  internal  voltage 
biasing  as  a function  of  processing,  layout, 
wiring  and  packaging.  Since  microprocessors  are 
very  complex,  it  is  next  to  impossible  to  determine 
the  worst  case  condition  for  any  one  input  and 
sensitize  it  directly  to  an  output.  In  the  functional 
test  more  internal  paths  are  exercised  between  more 
signals  than  in  a separate  test  sequence  which  only 
activates  specific  data  paths. 

3.  Output  Loading 

Fully  loading  outputs  during  the  functional 
tests  by  OSPD  performs  a more  thorough  noise 
immunity  check  and  more  closely  simulates  system 
operation.  Greater  currents  are  switched,  thereby 
giving  the  device  an  opportunity  to  generate  more 
internal  noise. 

4.  Maximum  Frequency,  Input  and  Output  Worst  Case  Timing 
Conditions 

Verifying  worst  case  parameters  during  the 
performance  of  the  functional  tests  as  defined  by 
GE  OSPD  ensures  that  all  the  internal  timing  of  the 
microprocessor  meets  the  specified  requirements  for 
all  the  instructions  under  worst  case  stimuli. 

Whereas  the  method  used  by  Vendor  J only  verifies 
timing  requirements  along  selected  data  paths 
through  the  microprocessor,  because  only  selected 
instructions  are  executed  at  maximum  frequency. 
Therefore,  internal  timing  within  the  processor 
is  not  verified  as  well. 

5.  Dynamic  Tests 

These  tests  are  performed  to  the  specified 
limits  on  a GO/NO-GO  basis  during  the  functional 
test  in  the  OSPD  slash  sheet.  Variables  data 
would  be  taken  only  for  qualification  testing 
utilizing  separate  test  patterns.  Vendor  J 
records  all  the  timing  data  for  every  device. 

This  data  is  measured  using  separate  test 
sequences.  The  separate  patterns  are  repeated 
with  one  timing  parameter  tightened  between 
passes  until  a failure  occurs . When  a failure 
occurs,  the  variable  is  recorded  and  this  process 
repeated  for  the  remaining  variables.  This 
measuring  process  increases  test  time  consider- 
ably as  compared  to  a GO/NO-GO  type  of  test . 
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Since  shorter  pattern  files  are  used  for  measuring 
the  variables,  only  selected  data  paths  are  measured 
and  may  not  be  the  worst  case  timing  for  each  vari- 
able. Therefore,  by  performing  these  dynamic 
tests  on  a GO/NO-GO  basis  in  the  functional  tests, 
worst  case  timing  conditions  will  be  detected  that 
cannot  be  found  in  the  separate  shorter  patterns. 

This  would  also  reduce  test  time . 

6.  Static  Tests 

GE  OSPD  recommends  measuring  and  recording 
capacitance  data  on  a qualification  basis  only. 

Once  the  manufacturing  process  is  defined  and 
parts  manufactured  this  parameter  should  not  vary 
significantly.  Vendor  J recommends  testing  this 
parameter  on  all  devices . This  would  significantly 
increase  testing  time  and  costs . 

The  philosophy  of  GE  and  Vendor  J were  in 
agreement  for  testing  leakage  currents,  input 
clamping  voltages,  and  output  drive  capability. 

Vendor  J measures  the  input  threshold 
voltages  by  using  a separate  shorter  pattern  than 
the  functional  tests . This  test  only  verifies 
the  thresholds  of  selected  input  gates  and  may 
never  sensitize  them  to  an  output  as  they  would 
be  during  the  functional  tests. 

7.  Qualification  Tests 

Performing  the  high  voltage  (Vzap)  test  as  a 
qualification  test  was  recommended  by  both  GE  OSPD 
and  Vendor  J since  this  is  very  difficult  to  perform 
and  is  demonstrating  a maximum  stress  capability. 

As  denoted  earlier  GE  OSPD  recommends  measuring 
and  recording  capacitance  and  dynamic  parameters  on 
a qualification  basis  only.  The  dynamic  parameters 
would  be  verified  on  every  device  on  a GO/NO-GO  basis 
in  the  functional  test  i.e.,  no  specific  data  would 
be  measured . 

Summary 

Implementation  of  the  functional  tests  as  defined  by  GE 
OSPD  may  be  more  difficult  than  Vendor  J's  approach.  But,  once 
implemented  the  resulting  test  will  be  more  thorough  and  test 
time  significantly  less.  Marginal  microprocessors  will  be  readily 
screened  during  testing.  Thus,  eliminating  devices  that  could  be 
troublesome  in  systems  designed  close  to  the  limits  of  the  micro- 
processor. 
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It  may  be  possible  to  implement  the  GE  functional  test  to 
verify  every  worst  case  parameter  in  one  pass  due  to  tester 
differences.  Variations  in  tester  capabilities  would  require 
variations  in  the  pattern  files  to  perform  worst  case  testing. 

But,  once  implemented,  the  dynamic  functional  test  will  perform 
a better  check  on  the  devices'  parameters  than  if  separate  shorter 
patterns  were  utilized. 


SECTION  VI 


DEVELOPMENT  OF  A LOGIC  INTEGRITY  TEST 
FOR  THE  8228/8238,  SCHOTTKY  BIPOLAR  SYSTEM  CONTROLLER 
AND  BUS  DRIVER  FOR  808OA  CPU 


Objective 


Develop  a Logic  Integrity  Test  (LIT)  for  the  8228/38, 
Schottky  Bipolar  System  Controller  and  Bus  Driver  for  the  80POA 
CPU. 


Circuit  Description 


The  8228/38  consists  of  a bi-directional  bus  driver,  status 
latch  and  gating  array  as  shown  in  Figure  6-1.  Figures  6-2  and 
6-3  show  Vendor  A's  and  Vendor  C's  logic  diagrams,  respectively. 


The  bi-directional  bus,  which  is  eight  bits  wide,  provides 
isolation  of  the  CPU  data  bus  from  the  system  data  bus . A high 
on  DBIN  enables  the  CPU  data  bus  and  a low  places  it  in  the  high 
impedance  state.  The  system  data  bus  is  enabled  and  disabled  by 
a 3 input  OR  gate  (Gl).  The  inputs  to  this  gate  are  STSTB, 

BUSEN  and  WO.  All  of  the  inputs  to  this  gate  must  be  low  to 
enable  the  system  data  bus,  while  any  high  input  will  disable  it. 


The  status  latch  is  a combination  of  6 flip-flops  and  var- 
ious gates.  The  flip-flops  are  D-type;  that  is,  when  the  clock 
inputs  are  high  data  is  transferred  directly  to  the  outputs  and 
when  the  clock  is  low  the  outputs  remain  in  the  previous  state 
independent  of  the  D inputs . 


The  gating  array,  which  generates  the  control  outputs,  is 
strictly  combinational  logic  with  tri-state  outputs.  All  of  the 
outputs  are  enabled  when  BUSfeN  is  low  and  disabled  when  it  is 

high.  The  I NT A control  signal  is  normally  used  to  gate  the  

"interrupt  instruction  port"  onto  the  bus.  However,  if  the  IlWA 
output  is  tied  to  a +12V  supply  through  a series  IK  ohm  resistor, 
the  device  will  automatically  insert  a RST7  instruction  onto  the 
bus  at  the  proper  time.  This  is  useful  in  small  systems  where 
only  one  basic  vector  is  needed  in  the  interrupt  structure. 


The  difference  between  the  8228  and  8238  is  shown  in  the 
upper  right  corner  of  Figure  6-2.  The  8228  has  no  connection 
to  Vqc  thus  forcing  a logic  "0"  to  the  inputs  of  AND  gates 
G2  and  G3.  The  8238  has  the  connection  to  Vcc • This  forces 
a logic  "1"  to  AND  gates  G2  and  G3  which  allows  H5V7  and  HEFK7 
to  be  advanced.  This  circuitry  is  internal  to  the  devices  and 
cannot  be  altered  once  the  part  has  been  fabricated . 
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Figure  6-1.  8228  block  diagram 


Circuit  Analysis  and  Vector  Generation 


Figure  6~4a  shows  the  logic  diagram  for  the  PU  flip-flop  of 
Figure  6-2.  The  remaining  flip-flops  in  the  status  latch  are  of 
the  type  shown  in  Figure  b~4b . The  PU  flip-flop  is  different 
from  the  others  in  that  it  has  a clear  input  which  functions  as 
follows : 


1.  When  clear  is  set  to  a logic  "0",  the  O-output 
will  be  set  to  a logic  "0"  independent  of  what 
was  on  the  output  of  G7. 

t 

2.  If  clock  is  a logic  "1"  and  clear  is  set  back  to 

a logic  "1",  the  Q-output  will  return  to  the  state 
of  the  D input . 

3.  If  clock  is  a logic  "0"  and  the  clear  is  set  back 
to  a logic  "1",  the  Q-output  will  remain  in  the 
logic  "0"  state. 

The  vectors  which  were  generated  for  the  flip-flops  verify 
the  following: 

1.  Data  is  transferred  to  the  output  when  the  clock 
is  high. 

2.  Changing  the  D input  when  the  clock  is  low  does 
not  affect  the  output. 

3.  That  each  flip-flop  can  make  the  0—^0,  0— *1, 

1— 1 ► !,  and  1 — *0  transitions. 
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This  verification  detects  all  possible  stuck-at  faults  in 
the  implementation  shown  in  Figure  6-2.  It  is  not  possible  to 
detect  the  following  faults: 


1.  Either  input  of  G5  S-A-O. 

2.  Bottom  input  of  G5  S-A-l. 

3.  Top  input  of  G7  S-A-l. 


The  logic  diagram  for  a single  bus  line  in  the  data  bus 
driver  is  shown  in  Figure  6-5.  A data  latch,  not  mentioned  in 
any  specification  sheet,  is  incorporated  for  information  flowing 
back  to  the  CPU. 


1 


Figure  6-5.  Logic  diagram  8228/38  bus  driver 

The  set  of  vectors  (see  Table  6-1)  developed  for  the  bi- 
directional bus  driver  detect  all  possible  stuck-at  faults  in 
the  implementation  shown.  It  is  not  possible  to  detect  the 
upper  input  of  G5  S-A-l. 


X = Don't  Care 
* = Measure  High  Impedance 


Table  6-1.  Bus  driver  vectors 

A logic  integrity  test  for  the  complete  device  was  then 
developed.  This  effort  consisted  of  ensuring  that  the  vectors 
applicable  to  a single  stage  were  applied  to  each  stage  of  the 
system  controller  and  that  a failure  would  be  propagated  to  the 
output.  The  test  vectors  required  to  test  the  8228  and  8238  are 
shown  in  Tables  6-2  and  6-3  > respectively.  These  vectors  provide 
a 100$  Test  Confidence  Level  for  Vendor  A's  and  Vendor  C's 
devices . 
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3260  Test 


A test  program  was  developed  for  a Tektronix  3260  automatic 
tester.  This  program  functionally  tests  the  device  by  applying 
the  set  of  input  vectors  described  above  to  the  device  and  check- 
ing the  resulting  output  states  against  the  expected  output 
vectors . The  vectors  were  verified  using  devices  from  Vendor  A 
and  C . 

[Appendix  A contains  the  wiring  list  for  the  socket  card, 
load  .lodule  schematic,  copies  of  the  test  program,  pin  assign- 
ment program  and  test  pattern  files . 
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Table  6-2.  Functional  test  for  the  8228 


CASE  I TERMINAL  COMDITIOMS  (PINS  MOT  DESIGNATED  ARE  OPEN) 
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Table  6-2.  Functional  test  for  the  8228 
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CASE  ] TERMINAL  CONDITIONS  (PINS  NOT  DESIGNATED  ARE  OPEN) 


Table  6-3.  Functional  test  for  the  8238 


TEW  I HAL  COUP  ITIOWS  (PINS  NOT  DESIGNATED  APE  OPEN) 


Functional  test  for  the  8238 
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DEVELOPMENT  OP  A LOGIC  INTEGRITY  TEST  FOR  THE  8224 
CLOCK  GENERATOR  AND  DRIVER  FOR  THE  8080A  CPU 


Objective 

Develop  logic  Integrity  tests  for  the  8224,  clock  generator 
and  driver  for  the  808OA  CPU. 

Circuit  Description 

The  8224  Is  a single  chip  clock  gene rat or/d river  for  the 
8O8OA  CPU.  It  Is  controlled  by  a crystal,  selected  by  the 
designer,  to  meet  his  particular  system  speed  requirements. 

Figure  7-1  shows  configuration,  logic  diagram  and  pin  nomencla- 
ture . 

Internal  circuits  are  included  to  provide  power-up  reset, 
advance  status  strobe  and  synchronization  of  ready. 

Circuit  Investigation  and  Vector  Generation 

Before  the  8224  test  vectors  could  be  generated,  information 
not  contained  in  the  device  specification  sheets  was  requested 
and  received  from  Vendor  C . This  information  consisted  of  the 
timing  relationship  between  0 1,  0 1A,  / 2 and  / 2D  (Figure  7-2) 
and  a method  of  operating  the  chip  without  a crystal.  The  latter 
was  required  to  simplify  synchronization  of  the  device  with  the 
test  equipment  being  used.  The  method  used  consists  of  driving 
the  XTAL  1 and  XTAL  2 inputs  with  complimentary  levels  as  shown 
in  Figure  7-3.  The  phase  of  the  oscillator  output  is  related  to 
the  XTAL  1 and  2 inputs  as  shown  in  Figure  7-4. 

The  test  vectors  were  developed  using  the  timing  informa- 
tion from  Vendor  C,  lab  data,  and  the  8224  logic  diagram.  An 
initialization  procedure  (Figure  7-5)  was  devised  to  reset  all 
internal  flip-flops  and  insure  that  the  device  input  and  output 
levels  are  always  identical  prior  to  vector  1. 

3260  Test 

A test  program  was  developed  for  a Tektronix  3260  automatic 
tester.  This  program  functionally  tests  the  device  by  applying 
the  set  of  input  vectors  described  above  to  the  device  and 
checking  the  resulting  output  states  against  the  expected  output 
vectors  . Appendix  A contains  the  wiring  list  for  the  socket 
card,  load  module  schematic,  and  copies  of  the  test  program,  pin 
assignment  program  and  test  pattern  file. 
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The  8224  Is  a single  chip  clock  generator/d river  for  the 
8080A  CPU.  It  Is  controlled  by  a crystal,  selected  by  the 
designer,  to  meet  his  particular  system  speed  requirements. 
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ture . 
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and  a method  of  operating  the  chip  without  a crystal.  The  latter 
was  required  to  simplify  synchronization  of  the  device  with  the 
test  equipment  being  used.  The  method  used  consists  of  driving 
the  XTAL  1 and  XTAL  2 inputs  with  complimentary  levels  as  shown 
in  Figure  7-3.  The  phase  of  the  oscillator  output  is  related  to 
the  XTAL  1 and  2 inputs  as  shown  in  Figure  7-4. 

The  test  vectors  were  developed  using  the  timing  informa- 
tion from  Vendor  C,  lab  data,  and  the  8224  logic  diagram.  An 
initialization  procedure  (Figure  7-5)  was  devised  to  reset  all 
internal  flip-flops  and  insure  that  the  device  input  and  output 
levels  are  always  identical  prior  to  vector  1. 

3260  Test 

A test  program  was  developed  for  a Tektronix  3260  automatic 
tester.  This  program  functionally  tests  the  device  by  applying 
the  set  of  input  ve itors  described  above  to  the  device  and 
checking  the  resulting  output  states  against  the  expected  output 
vectors . Appendix  A contains  the  wiring  list  for  the  socket 
card,  load  module  schematic,  and  copies  of  the  test  program,  pin 
assignment  program  and  test  pattern  file. 
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(C)  Pin  Names 


(A)  Pin  Configuration 
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(B)  Logic  Diagram 


(C)  Pin  Names 
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Figure  7-1.  8224  configuration,  logic  diagram  and  pin 

names 
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This  procedure  ensures  that  the 
RESET  and  READY  outputs  on  the 
device  are  low  and  that  the  OSC 
output  is  at  point  9B  as  shown 
in  Figure  2.  01  will  go  high  the 

next  time  the  device  is  clocked. 


*x  CP  = X XTAL  1 or  XTAL  2 input 
pulses  as  shown,  eg  1 CP  = 1 clock  pulse 


XTAL  1 J L 
XTAL  2' 


J L 


INITIALIZATION 
i COMPLETE 


CP 


Figure  7-5-  Initialization  procedure 
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TERMINAL  CONDITIONS  (PINS  NOT  DESIGNATED  ARE  OPEN 
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Table  7-1.  Functional  test  for  the  8224 
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GENERATION  OP  LOGIC  INTEGRITY  TESTS 
FOR  THE  6821  PERIPHERAL  INTERFACE  ADAPTER 


Objective 

Develop  Logic  Integrity  Tests  for  the  6821  Peripheral  Inter- 
face Adapter. 

Circuit  Description 

The  Peripheral  Interface  Adapter  (PIA)  provides  the  univer- 
sal means  of  Interfacing  peripheral  equipment  to  the  6800  Micro- 
processing Unit  (MPU).  This  device  is  capable  of  interfacing  the 
MPU  to  peripherals  through  two  8-bit  bidirectional  peripheral 
data  buses  and  four  control  lines . No  external  logic  is  required 
for  interfacing  to  most  peripheral  devices. 

The  functional  configuration  of  the  PIA  is  programmed  by  the 
MPU  during  initialization.  Each  of  the  peripheral  data  lines  can 
be  programmed  to  act  as  an  input  or  output,  and  each  of  the  four 
control/interrupt  lines  may  be  programmed  for  one  of  several  con- 
trol modes . 

The  block  diagram  for  the  6821  is  shown  in  Figure  8-1. 

Vector  Evaluation 

Vendor  G provided  a logic  diagram  of  the  6821  and  a copy  of 
their  Fairchild  Sentry  test  program  which  contained  the  functional 
tests  for  the  device. 

Descriptions  of  the  Sentry  tester  and  program  language  were 
obtained  and  studied  to  aid  in  the  interpretation  of  the  program 
for  this  device.  This  information  will  be  useful  in  the  future 
since  virtually  all  manufacturers  use  Sentry  testers  and  all 
programs  supplied  to  RADC  and  GE  are  in  Sentry  format. 

GE  requested  and  received  a better  definition  of  some  of  the 
functional  blocks  used  in  the  logic  diagram  and  a description  of 
the  functional  tests  which  indicated  what  portion  of  the  logic 
was  being  checked  by  each  vector.  This  description  was  helpful 
but  it  was  not  a pparent  when  information  was  written  into  some  of 
the  registers.  Therefore,  a timing  diagram  was  drawn  to  show  the 
relationship  between  the  inputs,  outputs,  and  internal  control 
signals . 
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It  was  then  possible  to  determine,  for  each  vector  in  the 
functional  test,  the  contents  of  the  internal  registers,  the  data 
on  the  data  and  peripheral  interface  buses,  and  the  direction  in 
which  the  buses  were  transferring  data.  This  information,  which 
can  be  found  in  Appendix  C,  was  necessary  to  check  for  register 
independence,  bit  independence,  and  cell  integrity  and  to  check 
the  multiplexer  which  feeds  the  data  bu3 . GE  was  in  the  process 
of  using  this  information  to  determine  the  adequacy  of  the 
functional  tests  when  it  was  learned  that  the  6821  is  being  re- 
designed. Although  Vendor  (G)  stated  that  the  functional  test 
should  not  change  very  much,  the  evaluation  was  halted  until  the 
redesign  is  completed.  When  Vendor  (G)  submits  this  new  infor- 
mation, GE  will  determine  the  impact  on  the  functional  test  and 
the  analysis . 

This  effort  is  continuing  on  another  RADC  characterization 
contract . 
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